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Epiderm al cel ls produ ce an inte rl euk in 1 (lL-] )-related m ol-
ecul e known as ep iderm al cel l-deri ved th y m ocyte activa t-
ing factor (ET AF). G iven their si milar physical and bio-
logic properti es, it was presumed that ET AF would share 
homology to kn own IL-1 seq uen ces. A murine IL-1 a co m-
plimentary D NA (cON A) probe hy bridized w ith a 2. 1 kb 
RNA from the murine keratinocy te cell line PAMM 212. 
Further , a 24-base syntheti c lL-1,8 probe complementary 
to a region 700 bases from the putative 5 '-end of human 
lL-1,8 h yb ridi zed with 2 .7- and 1. 6-kb HN As in human 
keratinocytes, 111 0 nocytes, and promyelocytic leukemia cells. 
Reverse transcripts primed with the rL-l,8 o ligonucleo tide 
A ntigen nonspecifi c cytokin es playa signi ficant role in the regulation ofiJ1lJ1lune res ponses. In 1972, Ge ry and coworkers detected a factor derived fro m culture supernatant of human mononucl ea r cells that pro-moted murine thymocy te proliferation [11 . T his fac-
tor, termed in ter leukin 1 (I L-l ), has man y i m portallt hormone-
like ac tivities includi ng mitogenic activation of th ymocy tes [2,3], 
indu ction of interl eukin-2 receptor on T cells [4], aug mentation 
of natural killer activity [5], B-cell proliferation and antibody 
production [6,7], neutrophil chemotax is [8] and migration [9], 
produ ction o f acute phase proteins [10,11], and act ivation of fi -
brobl as ts [1 2]. T he recent cloning of two distinct classes of IL-1 , 
Q' originall y from murine, and Q' and {3 from human macrophages 
[13-1 6], has permitted expression studi es of lL- l and IL-1 -related 
genes. 
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Abbrev iations: 
bp: base pair 
eDNA : co mplementary DNA 
DMEM: Dulbecco's min im al Eagle's med ium 
dNTP: deoxyn ucleosidc triphos phate 
DTT: d ithiothreito l 
ETAF: epidermal cell-derived th ymocyte activatin g [actor 
FC S: feta l calf se rulll 
IL- l : intcrl eukin I 
LPS: lipopolysaccharide 
SSC: sa line sodiulll citrate 
TPA : 12-0-tetradecanoylphorbo l-1 3-acetatc 
revea led major first-strand cDNAs from hum an kerati-
nocyte COLO-1 6 cell mHNA and human m o nocyte mHNA 
of about 700 bases, consistent with the expected cDNA 
from IL-1,8 . A partial library constructed from thi s cD NA 
contained clones that h ybridized w ith the IL-1,8 o ligonu-
cleo tide. T he 750 bp-IL-l,8-like cO N A clones were not 
identi ca l to IL-l,8 as judged by res tri c tio n mappin g and 
N o rthern analysis. These cDNA clones h ybridized w ith 
the 1. 6-kb keratinocyte mRNA but not to the 1. 6-kb 
m o nocyte nor to the 2.7-kb mHNA. T he 1. 6-kb kerati-
nocyte mRNA may en code a new IL-1-like species. ) II11/es / 
Demw/o! 88:375-379, 1987 
Although IL-l was ori ginall y described as a monocyte-derived 
facto r, a similar factor , termed epidermal cell-derived th ymocyte 
act iva ting f.,ctor (ETAF) , is fo und in human and murine epider-
mal cell s (keratinocy tes) [8]. Bio logica ll y, ETA F effects I L-l-like 
responses and biochemica ll y its mass, pI , and temperature and 
pH stabilities are similar to IL-l [17) . However, diffe rences we re 
noted in that hi gher concentrations o f phenylglyoxa l (w hich alters 
arginine res idues) are required to inhibit ET AF activity as opposed 
to IL-l activity and pol yclonal anti-IL- l antibodies h'ave slightl y 
different reacti vity for ETAF tha n does IL-l [8,18). 
In order to determine whether epidermal cells express an mRNA 
rela ted to IL-l , we characterized RNA from keratinocy tes. Be-
ca use of similarities between ETAF and IL-1, we assumed that 
ETAF and IL-l Q' or IL-l f3 genes woul d share sufficient homology 
to use probes derived fro m the IL-l sequence to study expression 
of ETA I: mRNA in keratinocytes and to clone the ETAF gene. 
In this paper we report that murine and human keratinocy tes 
produ ce m RN A species partially ho mologous to IL-1 Q' and IL-
1{3, res pectively. In addition, putative keratinocy te complemen-
tary D NA (cD NA) clones for the IL- 1-like human sequence have 
been identified. Res tri ction enzy me mappin g and cross-hybrid-
izat ion of these clones to keratinocy te and monocy te mRNA show 
that differences ex ist between these cD NAs and IL-l cD N As. 
MATE RIALS AND METHODS 
Deoxyribonucleic Acid A 24-base deoxyoli gonucleo tide 
complementary to a region of human IL-1{3 (Fig 1) was made on 
a ON A synth es izer (Biosearch) and size purifi ed by gel electro-
phoresis. Plas m ids containing IL-l cD N A inserts were ki ndly 
provided by P. E . Auron (pA-26) and P. T. Lomedico (p IL-l 
1301). Plasmid pA-26 con tains a 900-base pair (bp) fragmcnt of 
human IL-1{3 cD NA (14] while plL-l 1301 contains full-len gth 
murine IL-la cDNA [1 3]. Plas mid pAl , containing a 2000-bp 
chi cken {3-actin cDNA insert [1 91 was used as a normalization 
probe. To 5' end-label oligonucleotide probes 6 pmol DNA were 
incubated 40 min at 37°C in kinase buffer (50 mM Tris-HCI, pH 
8.0, 10 mM MgCI2, 5 1l1M dithiothreito l~ w ith 2.5 U T4 kinase 
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700 710 720 730 740 
5' ATCCCAAAAATTACCCAAAGAAGAAGATGGAAAAGCGATTTGTCTTCAAC 
3' GGTTTCTTCTTCTACCTTTTCGCT 
Figure 1. Synthetic IL-l,B oligonucleotide. T he top line shows the non-
template strand of human IL-1,B w ith numberin g accord ing to Auron et 
al r141. T he sequen ce on the bottom strand was synthesized as described 
in Materials ami Methods. 
(BRL) and 10-20 IJ.Ci [_32P)_A TP (3000 Cil I11mol) . Com ple-
mentary DNA probes (50 ng) were labeled using primer extension 
by DNA polymerase (Klenow fragment, BRL) in the presence 
of [a_J 2P)_dCTP [20]. 
Tissue Culture Normal human epidermal cells were prepared 
from keratomed sections of whole sk in by trypsin treatment as 
previously described [21 ]. Fibroblasts were prepared by placing 
a sma ll section of skin biopsy (approximately 1 mm) under a 
coverslip and culturing in Dulbecco's minimal Eagle's medium 
(DMEM) with 10% fetal ca lf seru m (FCS). After 2-3 weeks , 
expJants were surrounded by a dense outgrowth of fibroblasts. 
Subcultures were established and used for RNA preparations. The 
human skin carcinoma cell line, COLO-16, and the murine ke-
ratinocyte cell line, PAMM 212, were maintained in DMEM 
containing 10% FCS as previously described for COLO-16 cell s 
[22]. Monocytes were prepared from human peripheral blood by 
Ficoll-Hypaque centrifugation and plastic adherence following 1-
h incubation in culture [22]. Stimulated l110nocy tes were prepared 
by treating the adherent cells for 4 h with bacterial lipopolysac-
charide (LPS) (10 IJ.g/ml) or toxic shock toxin (1:2000 dilution), 
both of which hav'e been shown to be potent stimuli for IL-1 
[22). HL-60 cells were cultured in RPMI 1640 containing 20% 
FCS [23]. Differentiation along the monocyte lineage was induced 
by incubation with 10 nM 12-0-tetradecanoylphorbol-13-acetate 
(TPA) for 48 h. 
Ribonucleic Acid Isolation and Hybridization Analysis 
Tiss ue or cultured cells were lysed in 4 M guan idinium isothio-
cyanate, 0.1 M mercaptoethanol, 25 mM sod ium citrate, pH 7.0, 
and total RNA was isolated by centrifugation at 90,000 g, 16 h 
through 5.7 M CsCI [24]. Poly(A +) RNA was isolated by oligo-
dT cellulose chromatography (Collaborative Research) following 
the company protocol. Dot blots were prepared by spotting var-
ious amounts of RNA denatured for 15 min at 60°C in 6 x SSC 
(saline sodium citrate [24]) and 3.7% formald ehyde directly onto 
nitrocellulose. Filters were hybridized with the IL-lf3 oligon u-
cleotide in 6 x SSC at 42°C overnight, and washed in 6 X SSC 
in 5-degree increments from 25°C to 65°C. Northern transfers of 
Figure 2. Dot blot of RNA fro m various cells hybridized with human 
IL-1f3 o ligonucleo tide. RNA (1 f.Lg , top rOlv ; 4 f.L g, botfOI1l raUl) was de-
natured, spotted on nitrocellulose, hybridized with 32P-labeled IL-l,B probe, 
and washed in 6 X sse at 55°C as described in Material s a/ld MetllOt/s. 
Total (T) or poly(A +) RNA was fro m: 1, cultured human fibro blasts; 
2,3, COLO 16 cells; 4, LPS-stimulated human peripheral blood mono-
cytes ; 5,6, murine liver ti ssue. 
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RN A to nitrocellulose from 1 % agarose, 6.6% formaldeh yde gels 
were prepared as described [24] for hybridization with either la-
beled lL-lf3 oligonucleotide in 5 X SSC, 48°C overnight or with 
labeled plasmid DNA (pA-26, pIL-1 1301, or pAl) in 5 X sse, 
50% form amide, 5 X Denhardts, denatured salmon sperm DNA 
(100 IJ.g/m l), and 0.1 % sodium dodecyl sulfate at 48°C. Oligo-
probed filters were washed in 1 X SSC at 48°C; cDNA-probed 
filters were washed in 2 X SSC at room temperature followed by 
0.1 x SSC at 48°C. 
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Figure 3. N orthern analysis of RNA from various cells hybridized se-
quentially with (A) human IL-l,B oligonucleotide, (8) human IL-lf3 cDNA 
(pA-26), (C) actin eDNA. RNA was sized on a 1 % aga rose, 6.6% form-
aldehyde gel , transferred to nitrocellulose, and hybrid ized with 32P_labeled 
oligonucleotide as described in Materials alit/ Methot/s. After autoradiog-
raphy, the filter was washed in 0.1 X sse at 100°C to remove the oli-
gonucleotide probe, then rehybridizcd with labeled pA-26. After auto-
radiography, the filter was washed as described above and rehybridized 
with labeled actin DNA . RNA (2-10 f.Lg) was frolll cells as indicated in 
Fig 2, except Illonocytes were cultured without (lalle 3) or with (lall es 4,5) 
LPS , and HL60 cel ls were cu ltured without (Iall e 7) o r with (lalle 8) 10 
nM TPA fo r 48 h as described in Materials alld Methods. 
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I Reverse Transcription Analysis First-strand cD NA was sy n-
thes ized from 1.0 }.Lg po ly( A +) RNA w ith 40 U AMV reverse 
transcriptase (Pharm acia) using 8 pm o l of labeled huma n I L-l,8 
oligonucleotide as a primer in 2 m M m eth yl l11 ercury, 20 111 M 
merca ptoethano l, l mM vanad yl ribo nucleoside co mplex, 100 111 M 
T ris-HC I pH 8.3 at 48°C, 140 IllM KC I, 10 111M M gCI2, and 0.5 
mM each deoxy nu cleoside triphosphate (d N T P), ;1t 42°C for 2 h . 
Transcripts were dena tured at 90°C fo r 5 min in 50% fo rm amide 
and analyzed o n 5% polyacrylamide, 8 M urea gels [24]. 
Complementary DNA Cloning First-strand cD NA was sy n-
thes ized fro m 10}.Lg denatured po ly( A +) RNA w ith 50 U reverse 
transcriptase usin g 200 pmo l hum an IL-l,8 primer in 50 111 M T ris-
HCL (p H 8.3 at 48°C), 100 111 M KC I, 6 mM M gCI2, 10 m M 
dethiothreito l (OTT), 1 m M o f each dNTP, at 42°C fo r I h [25 1. 
T he mixture was th en bo iled for 2 min , quick- coo led on icc, and 
the second strand synth esized usin g 30 U DNA po ly m erase I 
(BRL) in 0.2 M H EPES, 0.07 M KC I, 12 Ill M M g 12 , 20 111M 
OTT, and 34 m M o f each dNTP at 15°C fo r 4 h . Double-strand ed 
cDNA was di ges ted with 2000 U Sl nu clease (Boehrin ger M an-
nheim) in 50 m M sodium acetate (pH 4.5), 0.2 M N aC I, 1 m M 
ZnCI2 for 30 min at 3rC, and purified by pheno l extrac tion and 
ethanol precipi tation . A fractio n W2.') o f this cD NA was dC -tailed 
w ith terminal deoxynucl eo tid y l tran sfera se (PL Biochemi ca ls) and 
annealed w ith 0.5 }.Lg dG-tailed Pstl-cut pDR322 125]. Annea led 
DNA was used to transform competent Escherichia coli 294 cells 
[26]. Tetracycline-resistant , ampi cillin-sensitive co lo nies were se-
lected and rep lica pl ated on nit roce ll ul ose fi lters for h yb ri d izat io n 
to labeled hum an IL-l,8 o ligonu cleotide [271. Plas m id O N As fro m 
colonies that h ybridi zed w ith th e pro be were isolated for partial 
characterizatio n b y res tri ction m appin g [241. 
RES ULTS AND DISC USSI O N 
An IL-l,8 o ligonucleo tid e probe (Fig I) hybridized w ith m o nocyte 
RNA and w ith RNA derived from the hum an sk in squam o us 
cell ca rcin o m a cell lin e, COLO-1 6, but not with UNA fro m 
hu man fibro blas ts or m o use liver (Fi g 2) . Under conditi ons of 
lower strin gency , weak hybridizat io n was seen w ith RNA fro m 
fi broblasts and li ver (data not shown). Simil ar hyb ridiza tion was 
seen w ith RN A derived fro l11 no rm al hum an skin keratin ocytes 
(data not shown). N o rthern tran sfers were used to determine the 
size of RN A hy bridi zin g to the I L- l,8 pro be. Fig ure 3A shows 
specific hy bridiza tio n o f this pro be to RN A fro m th e keratinocyte 
cell line CO LO-1 6, stimu lated m onocy tes, and the pro m yelocy ti c 
E c 0 ~ 0 
"&. .~ II ... ~ ..J "&.= c~ 
4( 0 ~ -; ~~ :lu.. 
Q. (J :I :I: 
1 2 3 4 5 
2100 
piLl 1301 
Figure 4. Northern ana lys is of RNA from various cells hybridized with 
murine IL-1a eDNA . Poly(A +) RNA (10 /-Lg) from '1, PAMM 212 ce ll s; 
2, COLO 16 ce ll s; J, unstim ulated or 4, LPS-st illlula ted monocytcs; or 
5, hum an fibroblasts was trea ted as described in Fig 3 and hybridized 
w ith 32P-labelcd IL- Ia DNA from pIL-I 130'1. 
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leukemia cell lin e HL-60. Two band s of approximately '1.6 and 
2.7 kb were detected. No significant h ybridi zation was seen w hen 
RNA fro m no rm al hum an fibro blasts o r un stimul ated m onocytes 
was used. A 900-base IL-l cD NA probe also hybridized specif-
ica lly to the 1. 6-kb RNA fro m CO LO -1 6 cel ls, st imulated m ono-
cytes, and differenti ated H L-60 cells, but not to the 2.7-kb RN A 
(Fig 3B) . To contro l fo r va riability in the am oun t of RNA trans-
ferred d urin g b lo ttin g, an actin eD NA probe was llsed to screen 
the sa m e N o rthern . As shown (Fi g 3C), a similar hybridizatio n 
signal was seen with all HN A sa mples. T hese d ata prov ide evi-
den ce th at keratinocytes contain RN A homo logolls to IL-I,8. 
M onocy tic d iffe rentiation of HL-60 cells was associated with 
ex pressio n of the 1. 6-kb RNA and repression ofthe2.7-kb RNA 
(Fig 3A,B). In o ther experim ents with undiffe renti ated HL-60 
cells, exp ression of the 2.7-kb RN A co rrelated with growth rate 
(M . Tyers and C. B. H arley, unpublished data). Sin ce the 2.7-
kb RNA is detected by the sho rt o li gonucleo tide but not by th e 
lo nger length cD NA , it m ay be a distin ct IL-1 -like mHN A. 
Two o ligonu cleo tide probes de rived fro m IL- 'Ia sequences were 
synthesized but reacted poo rl y w ith murine m acro phage or w ith 
Illurine keratinoey te RN A (data no t shown). H owever, specifi c 
hybridizat io n o f RNA fro m the murin e keratinocy te cell li ne 
PAMM 212 was seen w ith a full -length IL-Ia cDNA probe fro m 
murin e m:1crophages [1 31 (Fig 4) . In addition , a 55- base o li go-
nu cleotide co mplementary to hum an IL- Ia (fro m P. Auron) hy-
bridi zed to CO LO -1 6 mRNA (data no t shown). These resu lts 
indi ca te that murine and human kcratinocytes contain RNA ho-
m o logous to IL-la. 
Sin ce st ro ng h ybridizatio n was o bse rved between hum an ke-
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Figure 5. Reverse transc ri pts fro m (I) C LO 16 or (2) LPS-stimulated 
monocyte rl.NA primed with labeled IL- lf3 oli gonucleotide . Reverse tran-
scripts were synthesized and reso lved on 5% polyacrylamide. 8 M urea 
gels as described in Ma tl'l'ia ls ali!I Meth ods. Size Ill arkers were derived fro lll 
denatured res triction fragme nts of plasmid DNA . 
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Figure 6. Northern analysis of RNA from macrophage (unstimulated, 
lall es A1, B1; LPS-stimulated, lalles A2, B2) and COLO -1 6 cells (lalles 
A3, B3) hybridized with human IL-1,8 oligonucleotide (A 1-3) and COLO -
16 cD NA plasmid pKILl-D6 (B1-3). T he same N orthern was sequcn-
tiall y hybridized with the o ligonucleo tide, washed, and rch ybridized at 
high stringency with the cD NA clone as described in Fig 3. 
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Figure 7. Partial restriction map of the pKIL-1-D6 insert co mpared with 
the correspon ding region of human IL-1,8. Positions arc not drawn to 
scale. 
ratinocyte R NA and the lL-1,B oligonucleo tide, this o li gonucleo-
tide was used to prime first-strand cDNA synthesis from C OLO-
16 poly(A +) RNA. This resulted in one major reverse transcript 
of about 750 bases and minor transcripts of 200, 500, and about 
1600 bases (Fig 5). Transcripts of similar size were seen when the 
lL-l,B probe was used to prime RNA from stimulated macro-
phages. 
A partial cDNA library from COLO-16 was constructed from 
reverse transcripts generated using the synthetic lL-l,B oligonu-
cleotide. Of 300 transform ants screened by co lony hybridization 
with the oli gonucleotide probe, 101 were positive. Most of these 
plasm ids contained inserts of about 750 bp , but others with inserts 
of 500 or 1600 bp were also identified. D NA isolated from one 
of the clones containing a 750-bp insert (pKILl-D6) was analyzed 
for hybridiza ti on to RNA from CO LO-1 6 cells and from mono-
cytes and for the presence of diagnosti c restriction sites. Figure 
6 shows that although the short lL-l,B oligonucleo tide hybridi zes 
with both stimulated macrophage and COLO-16 RNA, pKILl-
D6 hybridizes at high stringency onl y to the 1.6-kb kerat inocyte 
RNA. Pvu " and T ha I res triction sites present in human lL-l,B 
cDNA are present at co rres ponding sites in pKlLl-D6, but Hind 
III and Nde I sites are not (Fig 7). T hese data show that kerat-
inocy tes express an lL-1,B-like mRNA that is similar to, but dis-
tinct from, macrophage IL-l,B. We are curren tl y isolating full-
length cDNA fro m the 1. 6- and 2.7-kb mRNAs for sequence 
analysis and furth er expression studies. 
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